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(54) Title: ADSORBENT MEDIUM 



(57) Abstract 

A cross-linked flexible sponge adsorbent medium containing substantially uniformly distributed fibrous reinforcement is 
prepared under such conditions that swelling of the sponge is controlled to a water retention value of 2 to 6 ; and simultaneously 
or subsequently, the cross-linked sponge is reacted with a reagent which introduces functional groups into the modified cross- 
linked sponge. There is also provided apparatus having an inlet for liquid, an outlet for liquid so as to define a path for liquid 
flow between the inlet and the outlet, an adsorbent medium, obtainable by the above method, being positioned across the liquid 
flow path in the apparatus. 
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Adsorbent Medium 

The present invention is concerned with sponge 
adsorbent media having functional groups chemically bonded 
thereto. 

There are two broad ways of making cellulosic 
materials in the form of flexible sponge and having functional 
groups (such as ion-exchange g r ou p s) chemically bond e d to t h e 
cellulose. In one method., as described in GB 914421, a pre-formed 
flexible cellulosic sponge is modified by reaction with a reagent 
which introduces ion-exchange groups (such as orthophosphoric 
acid or sodium chloroacetate) . GB 1387265 discloses ion-exchange 
cellulosic material prepared by reaction of cellulose with a 
reagent which introduces ion-exchange groups, followed by 
regeneration into the desired physical form, among which is 
sponge . 

GB 1226448 discloses a method of making an ion 
exchanger, which comprises the introduction of cross-linking 
residues into regenerated cellulose together with or followed by 
introduction of cation or anion exchange groups into the 
cellulose. The cellulose is typically obtained from viscose; no 
preferred physical form for the cellulose is specified (i.e. the 
cellulose may be used in a variety of physical forms such as rod, 
filament, yarn, woven cloth, flakes, beads, granules, powder, 
sponge , tube or sheet) . 

. -i_ .! - _ ___.~«»na/4 TJ-i -*-Vl A method 



of preparing sponge aasoruent 
porous structure and which method involves modification of a 
flexible sponge. 

Hydrophilic cellulosic chromatographic media have 
been widely used for the isolation or separation of 
macromolecules, such as proteins, both in the laboratory and on 
a commercial scale. However, sponge adsorbent media have not 
been used greatly in commercial chemical separation operations 
(such as ion-exchange separation techniques), probably because 
of the absence of any sponge adsorbent media possessing the 
required porous structure and the resulting difficulties of 
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---.---■! adequate contact between the liquid being treated and 
the sponge. For this reason, particulate and granular media are 
generally used, despite the disadvantages associated with the use 
thereof such as slow flow rates, plugging of the bed, and mal- 
distribution of flow and also the need for considerable skill in 
filling a column to avoid channelling. 

The mass transfer rate of substances being treated 
by means of adsorbent media is generally diffusion limited. The 
adsorption reaction at the surface of adsorbent media is fast, 
whilst limiting processes for adsorption and elution are the film 
diffusion resistance around the matrix and the pore diffusion 
resistance within it. Higher flow rates will reduce the 
resistance of film diffusion and hence increase productivity by 
decreasing process time. The resolution of ion-exchange 
chromatography requires the column to have a certain length, the 
flow rate being inversely proportional to column length. When 
recovering a biological molecule present in very low 
concentration in a large volume of feedstream, flow rate and 
capture efficiency are the major factors to be optimised. 

We have now devised a method of producing 
cellulosic sponge adsorbent media having superior flow properties 
and adsorption and desorption kinetics, and which are also 
specifically modified so as to be suitable for use as 
chromatographic adsorbents . 

According to the invention, there is provided a 
method of preparing a sponge adsorbent medium, which method 



uniformly distributed fibrous reinforcement, under such 
conditions that swelling of said sponge is controlled to a water 
retention value of 2 to 6; and, simultaneously or subsequently, 
reacting the resulting cross-linked sponge with a reagent which 
introduces functional groups into the modified cross-linked 
sponge. 

The fibrous reinforcement preferably comprises 
cotton linters, typically present in an amount of about 2 to 50% 
by weight; materials such as jute, cotton fibres, flax or other 
hydrophilic fibres may alternatively be used. Such hydrophilic 
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fibres preferably contain free hydroxy which are reactive with 
the cross-linking agent used; the fibres are preferably 
cellulosic. in some embodiments, nylon or other hydrophobxc 
fibres may be used., in addition to or in replacement of the 
hydrophilic fibres. The fibrous reinforcement used according to 
the invention provides a supporting structure which permits 
chemical modification of the pre-f ormed sponge without complete 
disintegration, and also provides the sponge with sufficient 
rigidity ^ for the latter to be suitable for u s e as a 
chromatographic adsorbent. (The sponge materials prepared as 
described in GB 914421 and 1387265 would be too compressible to 
be used as chromatographic adsorbents.) 

Preferably the flexible sponge is a polymeric material 
which typically comprises any of the following: polysaccharides 
(such as regenerated cellulose or cross-linked dextrans) , 
polyvinyl alcohol, polystyrene or polyurethane. Hydrophilic 
sponge polymers are preferred however, because hydrophobic 
materials are known to be less suitable for chromatographic work 
with proteins. This is because irreversible binding and 
denaturation of the protein often occurs as a result of the use 
of such hydrophobic materials. Particularly preferred 
hydrophilic sponge polymers are polysaccharides (such as 
regenerated cellulose, which can be solubilised and then 
regenerated in a number of ways) . Typically this can be done 
either via an intermediary product such as an ester, by the 
viscose process, or by dissolution in cuprammonium hydroxide. 

j-j ^ -i ^yofor-roH hecause the 

ion exchange groups can oe au»«..^— 

accessible sites such as the pore surfaces (as opposed to being 
buried within the body of the adsorbent medium) and this helps 
in achieving fast kinetics of adsorption. 

in the case of other polymers, such as vinyl polymers 
and styrene polymers and polyurethane polymers (such as those 
derived from polyisocyanates and polyethers or polyamides) , it 
ma y be preferable to mix the pore forming agent with the monomers 
or prepolymers, so that the polymerisation (and cross-linking) 
takes place in situ. 

The sponge body may be further supported by a rigid 
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mechanical support such as wire or an ep^x xuesh, typ-cal.y o_ 
nylon or other hydrophobic fibres, although in some embodiments, 
the body may contain one or more hydrophilic meshes made from 
material as cotton scrim or flax. Therefore in one 
embodiment, the flexible cellulosic sponge may be moulded about 
the mechanical support before regeneration of the cellulose. In 
another embodiment, the mechanical support may be introduced into 
the flexible cellulosic sponge after regeneration of the 
cellulose and may be held in place by th e u s e of a suitable 
adhesive. 

The nature of the porous structure of the flexible 
sponge to be used in a method according to the present invention, 
is determined by the nature of the chromatographic separation in 
which it is required to be used, and can therefore be varied so 
as to be suitable for its required use. Typically, however, the 
porous structure of the sponge used in a method according to the 
invention, has a total void volume in the range of about 70 to 
98% (preferably 80 to 96%) of which the fractional voidage is no 
more than 95% thereof. 

It is generally preferred that the flexible sponge 
contains primary and secondary pores. The primary pores are 
interconnecting pores which are dimensioned so as to allow the 
free passage of the process liquids throughout the sponge. The 
secondary pores are provided in the walls of the primary pores, 
the former housing the majority of chromatographic adsorption 
sites. It is beneficial if the rate of diffusion of the 
. ._ __,„ J .j ^ _ o-F +■>«« nores is rabid. It 

is merer ore piej.ej.auic <.ua.w - -- 

are thin and rich in suitably sized secondary pores to maximise 
kinetic rates. 

The production of a porous structure comprising 
interconnecting pores generally involves contacting a solution 
of the sponge-forming polymeric material with a pore-forming 
agent such as a gas. In the case where the polymeric material 
is cellulose, the sponge-forming polymeric material is contacted 
with the gas either prior to, or simultaneous with, regeneration 
of the sponge. Either a gas, or gas forming materials, is/are 
introduced into the polymeric solution. Examples of gas-forming 
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aerials include solids, vollti ^^T^*^ 
(such ,s calcium carbonate and acid), exaBple , 

aextrose and yeast, . pref e „ ea that ^ gas -f orming 

materials are solid ». ents ^-f^Tas 
waii es or g r ound bxologxcal ^M ritau- 

for the production of primary p produce solid 

ls because it is often extremely ^ £ „ the 

particles of a sufficiently ^^Z ZreZe polymeric 
production of secondary pores. ^J^*** either after or 

=: r-rt r^ms. — « 

solvent action.^ preferrea method of producing a 

sponge having an ^"^^JT^Z-Z'Z X 
- varying the degree, substituting f^e ^ _ 

ha ving an interconnecting porous structure involves the « o 

1- of hydrated sodium sulphate where particles J> 

- t d sodium sulphate navxng «» 

scale, crystals of hydrated so ^ ^ ^ ^ ^ ^ 

size in the range from 200 to 4 commercial separation 

interconnecting pores For a larger 
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fractional voidage) is dependent on the amount of primary-pore 
forming agent introduced into the sponge-forming polymeric 
solution and as hereinbefore described can take any value up to 
95% of the total void volume. 

The thickness of the walls of the primary pores 
largely depends on the quantity of primary pore forming agent 
which is mixed with the solution of sponge forming polymeric 
material. Among other factors, the minimum wall thickness will 
depend on how closely the particles of the primary pore form in g 
agent fit together. The overall amount of functional groups 
which can be introduced per unit volume into the flexible sponge 
will generally be increased as the density of the sponge is 
increased. The thickness of the primary pore walls may be varied 
depending on the required use of the sponge adsorbent medium 
For example, if the medium is used for the processing of mineral 
ions, then a thick wall can be used because the diffusion rates 
for mineral ions are fast. However, if the medium is used for 
the chromatography of macromolecules such as proteins, then a 
thin wall would be preferred because of the slow rate of 
diffusion of the macromolecules through the wall. It is not 
possible however to obtain uniform wall thicknesses within a 
sponge medium (e.g. a cellulosic sponge medium is known to have 
a wall thickness ranging between 5 and 45 microns) . In a method 
according to the present invention, the resultant adsorbent 
medium generally comprises an interconnecting porous structure 
where the primary pore wall thickness is typically in the range 



In tne use oi uie t-«'-««» — 

desirable to achieve plug flow (which is associated with the best 
quality separations) and to minimise axial dispersion or back 
mixing. A narrow range of primary pores sizes is therefore 
preferred, and overlarge pores which can be associated with non 
uniform flow should be eliminated. 

The secondary pores may be naturally occurring in 
the polymer as a result of variation in its density or may be 
formed by the use of a pore forming agent or agents which are 
generally used in conjunction with the primary pore forming 
agent. Typically the secondary pores are smaller than the 
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primary pores and may be formed By any ot 

A solution of the polymeric material may be mixed 
with a removable reagent having individual particles of a 
predetermined *«., so as to produce a flexible sponge having a 
desired secondary pore structure (i.e. a structure having a pore 
size determined by the reagent particle size) . * ™ 
(probably immiscible with the polymer solution) can be added to 
Z polymer solution which upon mixing forms continual ^channels 
within the liquid polymer. Alterna t ively, the den s ity of t h e _ 
p^mer solution (in this case cellulose, may be lowered by the 
Ldttion of a suitable solvent so that when the cellulose s 
regenerated the resulting sponge has an open pore structure 
suitable methods of removing the added gas or liquid are as 

The secondary pores may of course be produced by 
contacting the polymer solution with a solid pore-forming agent; 
however this method is generally less successful in produce 
secondary pores of a required size (as ^™»*°°~^ s 

The resulting medium may have higher flow rates 
than conventional adsorbent media. For example, when used in a 
column of height 4mm and an internal diameter of 43mm, under a 
pressure of one bar, flow rates in excess of 50 metres per hour 
may be achieved (for example about 9 0 metres per hour, This 
compares with good commercially available media (such as those 
coTeTially available under the trade names Whatman CH52 and 
mdion HC 2 , both of which are carboxymethyl ^ 

hour are achievable. 

in the method according to the present invention, 
cross-linking is particularly important in maintaining the 
^determined porous structure and also to protect the porous 
sponge and derivatives thereof against deterioration due to 
chemical and physical attacX. It is preferred that 
of the sponge comprises contacting the sponge with a liquid 
having dissdved therein a chemical cross-linKin, agent f orthe 
sponge. In the case of a cellulose sponge the 
agent can be added either during or after regeneration of the 
cellulose sponge and may be added in one or more stages. A 
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preferred embodiment however involves the addition of the cross- 
linking agent to the solution of sponge forming cellulosic 
material during the regeneration process. In this way the pores 
are substantially maintained at their predetermined size. 
Alternatively cross-linking is carried out after regeneration is 
complete. In this case the porous cellulose sponge is first 
swollen to give the desired pore size, and then cross-linked to 
hold the porous structure. 

The liquid having the chemical cross-linking agent 
dissolved therein may be an aqueous alkaline solution, generally 
comprising sodium hydroxide. Such an aqueous alkaline solution 
typically contains sodium hydroxide in an amount of 0.5 to 7 
molar, preferably slowly raised from 0.7 to 5 molar over the 
period of one hour. Alternatively a unimolar solution can be 
used over the same time period. If the molarity of the solution 
is either too high or too low, the flow rate of liquid through 
the resultant adsorption medium and the mass-transfer kinetics 
are impaired. If too high, undesirable gel formation may 
result, with deleterious effect on the flow rate. 

The nature of the cross-linking agent will depend 
on the flexible sponge material. In the case of polysaccharides 
such as cellulose a polar cross-linking agent may be used which 
is soluble in aqueous media. Examples of suitable such cross- 
linking agents include formaldehyde, dichlorhydrin, 
epichlorhydrin, dibromomethane, bis-epoxypropyl ether, a 1,4 
butane diol bisepoxy ether, dialdehydes such as glyoxal, and 
divinyl compounds such as divinylsulphone. Preferred cross- 

epichlorhydr in . 

The cross-linked sponge may be further treated 
with, for example hot sodium hydroxide solution. This will 
solubilise parts of the sponge (particularly low molecular weight 
fractions) which have not been cross-linked and therefore open 
up the sponge structure. However, the reaction conditions are 
chosen according to the nature of cross-linking agent, for 
example epoxy compounds such as epichlorohydrin are preferably 
used in an alkaline medium, whereas aldehydes such as 
formaldehyde are preferably used in an acidic medium. 
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In the case wnere tne epunyo ^w~~ — — 

then the cross-linking agent may be part of the sponge forming 
process (such as the use of divinyl benzene to cross-link 
polystyrene) . 

It is recognised that the nature of the flexible 
sponge, including the general porous structure, may depend on a 
wide range of factors which influence the manufacturing system. 
For example changes may be made to the concentration, degree of 
polymerisation, or viscos ity of th e polymer , Agents ( s uc h as 
surfactants) likely to effect the secondary and primary pore 
structure may be added. 

The reagent which is subsequently reacted with the 
cross-linked sponge may be one which introduces ion-exchange 
groups. Examples of such reagents are compounds containing 
amino, alkylamino or quaternary ammonium groups (when it is 
desired to produce an anion exchange resin), or compounds 
containing sulpho, phospho or carboxyl groups (when it is desired 
to produce a cation exchange resin) . 

Examples of the former type of compound are 
diethylaminoethyl chloride (optionally followed by reaction with 
bromoethane to produce the corresponding quaternary derivative) , 
chlorohydoxypropyl trimethyl ammonium chloride, 
glycidyltrimethylammonium chloride, polyethyleneimine, di- 
(hydroxyethyl)-aminoethyl chloride and p-morpholino ethyl 
chloride; examples of the latter type of compound are 
chloroacetic acid, chlorohydroxypropane sulphonic acid, sodium 

acid, chloroethane suipnonxc acia, uiiuiwu^uw,^ , 

chloromethane sulphonic acid and 1,3 -propane sultone. 

Other types of functional groups which may be 
introduced by the reagent which is reacted with the cross-linked 
sponge include metal chelates, antibodies (such as IgG) , antigens 
(such as Protein A) , dyes, lectins, or groups which can fix 
biologically active materials such as enzymes. An example of the 
latter type of group results from the reaction of the sponge 
successively with carbonyl diimidazole, p-amino-benzamide and 
hexanoic acid; an example of the introduction of chelate groups 
is by successive reaction with a diglycidyl ether, sodium 
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bcrchydride (to produce epoxy groups) , iminodiacetic acid- and 
a zinc or copper salt. 

The resulting sponge adsorbent medium can be 
further treated so as to modify the pore surface chemistry. For 
example the pore surface can be coated with a materials such as 
polyethylene imine or DEAE dextran, or chemically grafted to 
produce polymers such as polyacrylic acid, polyethylene imine or 
materials such as phosphatidyl choline derivatives so that they 
occu py some part of the space in 

GB 1387265 describes the production of an ion 
exchange sponge by introducing ion-exchange groups before 
regeneration of the cellulose. The method according to the 
present invention allows such ion exchange groups to be 
introduced into regenerated cellulose sponge. According to the 
present invention the ion-exchange groups can be introduced into 
the regenerated cellulose sponge by spraying or soaking of the 
cellulose sponge with a suitable reagent. Any excess reagent can 
be removed by the action of a roller, under vacuum or by heating. 
The latter may be effected by convective or radiant heat 
processes such as curing, or microwave or radio frequency 
radiation. Alternatively the cellulose sponge may be placed in 
a housing and the reactive solutions passed through the sponge. 
Heating may be affected by the use of a pre-heated inert liquid 
or gas. 

The body of flexible sponge material used in 
accordance with the present invention may be in the form of a 
block, an annulus, a continuous sheet, a rolled sheet, a disc, 

the adsorbent medium in a free form, it is generally used in 
apparatus having an inlet for liquid, an outlet for liquid (which 
may in some embodiments, be the same as the inlet or, in other 
embodiments spaced from said inlet) so as to define a path for 
liquid flow between the inlet and the outlet, said adsorbent 
medium being positioned across said liquid flow path. 

The adsorbent medium is generally used in block 
form in the apparatus which means that there is the possibility 
that liquid could flow between the internal wall of the apparatus 
and the adsorbent medium. This problem may be overcome in a 
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an adhesive or 



variety of ways such as the use of a sealant «z 
both A preferred embodiment however is to use the adsorbent 
medium under compression across the liquid flow path such that 
liquid flews from the inlet through the adsorbent medium. 

The degree of compression is preferably such that 
the lateral dimension is at least 1%, more preferably at least 
3% (such as 3 to 10%) less than the corresponding dimension of 
the adsorbent medium in unrestrained form. 

The use of the adso r bent medium under later a l 

compression in the apparatus according to the invention is such 
that short-circuiting (that is, passage of liquid through the 
apparatus without contact with the adsorbent medium) is avoided. 

in one embodiment of the present invention, the 
adsorbent medium may be in the form of a flexible block typically 
in the form of a cylinder with the inlet and/or outlet connected 
to the axial core to the cylinder. It is preferred that the 
adsorbent medium should be under substantially uniform 
compression throughout its volume. 

The apparatus may be primed for use by inserting 
the adsorbent medium in the liquid path in at least partially 
dehydrated form, and allowing the adsorbent medium to undergo 
hydrophilic swelling such that it is laterally compressed by the 
walls of the liquid path. Alternatively, the adsorbent medium, 
in hydrophilic swollen state, may be preliminarily compressed 
prior to insertion in the liquid path followed by partial 
release of the compressive restraint when the adsorbent medium 



the adsorbent medium may he compresses — «~ ~ 

liquid path by compressive means acting on one or more of the 
walls defining the liquid path. 

When the adsorbent medium is in the form of discs 
or pads, a plurality of such discs or pads can be stacked in a 
column for use, for example in chromatographic separation, when 
material to be separated could be selectively eluted from 
different pads or discs, or parts thereof, in the stack. 

in one embodiment of the invention in which a 
stack of such discs or pads are employed, it may be advantageous 
to provide indicator means to indicate different levels in the 
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stack For example, different colours «u ~= — - 
indite different levels in the stac*) discs from afferent 
levels Bay be removed from the stac* and treated separately for 
isolation of respectively fractionated material theref rom 

The apparatus and adsorbent medium according to 
the invention may be used in any conventional adsorption process 
such as the isolation of proteins (for example, from dairy or 
soya whey) , or mineral ions, adsorption of polyelectrolytes (e.g 



humic acid) , or radioactive reagent by : 
phase material, affinity chromatography, or immobilisation of 
enzymes, or lysozyme separation. 

The apparatus according to the invention may be 
provided with means for compression of the adsorbent medium 
Whereby the latter can be successively compressed and 
decompressed, for example, following an adsorption phase and/or 
following a washing phase. Material adsorbed by the ion-exchange 
material can be adsorbed either in the compressed state or in the 
decompressed state (in the latter case the desorption phase is - 
preferably followed by successive compression and decompression) . 
When desorption takes place with the adsorption medium in the 
compressed state, this may involve an adsorption phase with a 
relatively high void percentage, followed by a desorption phase 
with a relatively low void percentage. 

The use of successive compression/decompression 
phases enables a high degree of liquid-solid contact to be 
obtained in the adsorption phase, followed by efficient 

. ... . , . ..-t~T* mat-erials SUCh as 

polyelectrolytes can ce xnere«y u ™' 

liquid product can be decreased (that is, its concentration can 

be greater). ^ ^ purp oses, the adsorbent medium may be 
used partially compressed throughout, with remarkably little 
change in flow characteristics compared to the uncompressed 
xaedium. This enables improved volumetric efficiency to be 
obtained (that is, more adsorbent medium can be employed per unit 
volume, without substantial impairment of liquid flow) . 

According to another aspect of the invention, 
therefore, there is provided a method of isolating material from 
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a liquid phase which comprises flowing "^ 1Q """f " 

the outlet of apparatus according to the invention so 

said material (which is typically a polyelectrolyte Serial, a 

;::tTn or «» ^ « ^ ««- «- ™ < 

the flow of liquid, and compressing the adsorbent 
compression allows elution with a lower volume of 

The adsorbent medium need not necessarily be used 
vertically,- for example, in some embodiments, it may be used 
i fr^tauy (unliKe, say, conventional g ia nular ion-ex c h an g. 

medium may be reduced to a powder which may then be reconstituted 
into a solid form, eg by the use of an adhesive. 

Th e invention will now be illustrated by reference 
to the following Examples and Figures; which do not limit the 
„.™ of the invention in any way. 

Examples 2.3, and 4 illustrate methods of treating 
a cross-linked cellulose sponge obtained by the method of Example 
1 with a reagent which introduces functional groups Examples 
5 tT» illustrate the properties of a resultant treated sponge, 
revam p le 1 

^ ™ ii2 ^T^' alHaline cellulose was prepared 
containing !37.5g of cellulose, 77.5, of NaOH and 2 85g of watar. 
The average degree of polymerisation of the cellulose had been 
reduced t! approximate* ,00 by al*aline oxidative 

carbon disulphide at 32°c for 60 minutes. „u* ~ 

12 75g of chilled water were then added to make Viscose. 

The viscose was then further processed according 
to any of the following methods to produce a cellulose sponge 
from which anion and cation exchangers or affinity material could 
Z produced, in each case a flat sheet (although other forms 
TJTs a bloc* or annulus could be produced, of porous adsorbent 
material with a thicXness of approximately 5mm was produced, 
material with with o.lM HC1 to dissolve the 

which was washed and treateo. wiui 

calcium carbonate, and then further washed and de-watered In 
meLod 2, 50g of the porous sheet material was further treated 
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To 1500g of the viscose was added: 32g of cotton 
lintsrs and 5000g of crystals of sodium sulphate decahydrate 
(particle size range from 1000 to 3000 microns) . The resulting 
mixture was blended to produce a paste. The paste was then 
moulded between 2 plates of perforated stainless steel and 
regenerated in sodium sulphate solution at 95°C. 
Method 2 



To I500g of the viscose was added: 32g of. cotton 
linters, 3900g of crystals of sodium sulphate decahydrate 
(particle size range from 200 to 400 microns) , and lOOOg of 
powdered calcium carbonate (particle size less than 2 microns) . 
The resulting mixture was blended to produce a paste. The paste 
was then moulded between 2 plates of perforated stainless steel 
and regenerated in sodium sulphate solution at 95°C. 
b) . Production of Cross-Linke d cellulose Sponge. 
Method 3 

To 1500g of the viscose was added: 15 ml of 
epichlorohydrin, 80g of cotton linters, 5000g of crystals of 
sodium sulphate decahydrate (particle size range from 1000 to 
3000 microns) , and lOOOg of powdered calcium carbonate (particle 
size less than 2 microns) . The resulting mixture was blended to 
produce a paste. The paste was then moulded between 2 plates of 
perforated stainless steel and regenerated in sodium sulphate 
solution at 95°C. The resulting regenerated material had a water 
j 4-i t n -e i •> s»r>fl a nnrous volume of 91%. In this 



of the sponge. 
Method 4 

50 g of cellulose sponge produced according to 
method l was treated with 0.6 to 5.0 M NaOH over a one hour 
period with 250 to 2000 ml of liquid containing 1% to 5% v/v of 
dichlorohydrin. The sponge was subsequently cured at 60°C for up 
to lhr. The resulting material was a porous cross-linked 
cellulose sponge from which anion and cation exchangers or 
affinity material may be produced. The resulting material had 
a water retention value of 3.4; similar runs can be operated with 
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water retention values in "cne range * ^ ». *? 

of the resulting material was determined by column tracer flow 
using acetone, and was found to be 92%; similar runs can be 
operated to give porous volumes in the range 70 to 98%. A sample 
of the material was cut to obtain a clean cross-section and 
freeze dried to remove water. The latter was then examined by 
SEM. The average primary wall thickness was estimated to be 
about 20 microns; similar runs can be operated to give average 
wall thicknesses in the range 2 to 300 mic rons^Ehe var ia nce in 
wall thickness could be achieved by changing either the cellulose 
content of the viscose or the amount of cotton linters and pore 
forming agent in the paste. 
Method 5 

50g of cellulose sponge produced according to 
Method 2 was subjected to cross-linking as in Method 4. The 
resulting material had a water retention value of 3.3%, a porous 
volume of 94% and a primary wall thickness of 7 microns. 
Example 2 

Carboxymethyl cellulose was produced by taking 50g 
of a cross-linked cellulose sponge, obtained by method 4 of 
Example 1, and adding thereto 400 ml of a solution of 5M NaOH and 
80 g of sodium chloroacetate and maintaining the mixture at ioo°c 
for lhr. The resultant medium has a protein capacity of 2 g per 
dry gram of sponge with a maximum liquid flow in excess of 40 
metres per hour and also a water retention value of 3.2. 
Example 3 

taking 50 g of a cross -xinxea ceij.ua.woc -t- — 

method 4 of Example 1 and adding thereto 1000 ml of a solution 
containing 5M NaOH and 590 g of the sodium salt of chlorohydroxy 
propane sulphonic acid and maintaining the mixture at a 
temperature of 100»C for 3hrs. The resultant cellulosic sponge 
material has a protein capacity of one gram per dry gram with a 
maximum liquid flow rate in excess of 40 metres per hour and a 
water retention value of 3.4. 
Example 4 

Quaternary methyl ammonium cellulosic sponge is 
made by taking 50 g of a cellulose sponge, obtained by method 4 
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NaOH, 164 g of chlorohydroxy propyl trimethyl ammonium chloride 
and 1.74 g of sodium borohydride and maintaining the mixture at 
50°G for 2 hrs. The resultant cellulosic sponge material has a 
protein capacity of 1.5 g per dry gram with a maximum liquid flow 
rate in excess of 40 metres per hour and a water retention value 
of 3.3. 
Example 5 

F igure 1 shows comp ar ative flow r a tes thr ough 

three cellulosic media. Curve A corresponds to a medium obtained 
according to Example 4, curve B corresponds to CM52 and Curve C 
corresponds to Indion HC2. The flow rates were measured using 
a column of height 4mm and an internal diameter of 43mm, under 
a pressure of one bar. As seen in Figure 1, a flow rate of about 
90 metres per hour is obtainable using a cellulosic medium 
produced according to the present invention, whereas flow rates 
of less than 40 metres per hour (about 20 and 35 respectively) 
were obtained using CM52 and Indion HC2. 

Figure 2 shows comparative velocities through 
cellulosic media. A column of 100mm x 26mm was packed with a 
cellulosic medium obtained according to Example 4 and a maximum 
flow rate therethrough of 10 metres per hour was achieved (Curve 
A) , the column was similarly packed with CM52 and HC2 both 
achieving maximum flow rates of less than 1 metre per hour 
(Curves B and C respectively) . 

A column of 100mm x 147mm was also packed with a 
j j; — = „^wh Tirr +r\ T!va™ie 4 and a maximum 



Referring to Figure 3 , there is shown a comparison 
of the adsorption kinetics of regenerated cellulosic sponge 
obtained according to Example 4 with the adsorption kinetics of 
HC2 and CM52 cellulosic media. All three media were arranged in 
a 30mm x 25mm via column adsorbing protein in recirculation batch 
mode at a flow rate of 4 metres per hour. The dimensionless 
rates for the three media were 0.35, 0.15 and 0.1 respectively. 

Figure 4 shows the effect on bed resistance when 
sponge made according to the invention is compressed by a factor 
of 1.25 (Curve A) and a factor of 2 (Curve B) . 
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l2SISEi£jL cross-linked porous regenerated cellulose was made 

according to Example 1 and converted to carboxymethyl cellulose 
according to Example 2. This was then used for the -P-^-n 
of ovalbumin, conalbumin and lysozyme from fresh egg white, n 
a single step. The conalbumin and lysozyme were assumed to be 
95% pure by gel electrophoresis and the overall process had a 
productivity in excess of 80 kg/m/hr. 
— 130ml of 14mg/ml of f r esh egg white of pH 4 . 8 an d^ 

ionic strength of 2.3 ms/cm is fed to a bed of the CM-porous 
sponge media contained in a column of 250 x 10mm diameter and 
rLycled 18 times through the column. After washing the column 
with loading buffer of 0.01M sodium acetate at pH 4.8 for 3 
minutes, elution of the conalbumin and lysozyme was effected with 
a salt gradient using 250 ml of 0.6M sodium chloride solution -* 
250ml of 0.01* sodium acetate buffer at P H 4.8 at a flow rate 
greater than 9 metres/hr. The resulting loading and station 
profile are illustrated in Figure 5. 

This example shows that high resolution 
separations can be achieved at fast flow rates using a sponge 
adsorbent medium with primary pores which make it suitable for 
commercial scale operation. 

ME1SJZL in this Example a comparison is drawn between two 

carboxymethyl derivatives prepared as in Example 2, the first 
derivative being prepared from viscose having primary pores in 

j j -,^.^.^v^-? nn f n Method. 

1 of Example 1) and the second aenvauvc „ r—r — 

viscose having primary pores in the range 250 to 500 microns 
respectively (as produced according to Method 3 of Example 1). 
The results of the experiment are shown in Figure 6. 

in both cases the CM-Porous spange media was 
packed into a column of 20 x 25mm diameter and a 0.01M sodium 
acetate buffer solution, at pH 4.5, containing 1 mg/ml of 
lysozyme, was pumped through the columns at a flow rate of 4 
metres per hour until the lysozyme concentrate in the output was 
50% of that at the input of the column. The quality of 
resolution was similar in both cases. The time required to reach 
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structure compared to that for the larger pore structure. This 
is considered to be because of greater capture efficiency and 
higher density. In both cases a high flow rate which was 
considered to be superior to that which could be obtained with 
particulate material was maintained. To illustrate the amount 
of bound lysozyme the latter was eluted from the column in a 
single step with carbonate buffer at pH 9. 
Example 8 

This example demonstrates the use of compression 
of a porous adsorbent medium to concentrate a dilute protein 
solution during an adsorption process. A 32 0 times concentration 
factor of the protein solution was achieved. 

Cross-linked porous cellulose sponge was prepared 
according to Method 4 of Example 1. The sponge had a porous 
structure with primary pores in the range of 1000 to 3000 microns 
and was converted to make CM cellulose porous sponge according 
to the method of Example 2. The sponge was then cut into a disc 
of dimensions 5mm x 25mm diameter and inserted into a small 
column. 1500ml of lysozyme at a concentration of 0.1 mg/ml in 
50mM acetate buffer at pH 4.5 was then recirculated through the 
disc at a flow rate of 36 m/hr for 30 minutes. The disc was then 
washed with at least 10 times the disc volume of loading buffer 
and mechanically squeezed to remove excess buffer. 2.5 ml of 
0.25mM sodium carbonate, pH 10.6 buffer was added to saturate the 
disc. After five minutes the elution buffer was mechanically 
am i aa «aA *=T-rvm disc and collected: the buffer contained 



Example 9 

This example shows that an adsorbent medium 
produced by a method according to the present invention comprises 
channels having a greater proportion by volume of the medium than 
do the corresponding channels of a particulate adsorbent 
material. This is an important reason why an adsorbent medium 
produced by a method according to the present invention has 
superior flow characteristics compared to known particulate 
materials . 

A comparison is drawn between the total pore 
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... . i — — irninmo/t-.he stiace between 

volume ana tne voiaage v i f—-- ' — - 

particles) for CM cellulose sponge, Pharmacia Fastf low Sepharose 

CM, Whatman CM52 and High capacity Phoenix CM. A column of 

height 50mm and diameter 10mm containing the respective adsorbent 

material was set up in each case and size exclusion data 

determined using 0.5% acetone and 0.9g of blue dextran (molecular 

weight at 2,000,000). 0.25ml of each of these solutions was 

injected into the stream of a column flowing with water at a flow 

rate of 0.35ml/min. The values for acetone sh ow the total void 

volume and the values for blue dextran the fractional voidage. 

The results are shown in the following table. 

Acetone Blue Dextran 

Sponge Adsorbent 94 
Medium (produced by a 
method according to 
the present invention) 

Pharmacia 94.5 « 

Whatman 82 23 

Phoenix 92.5 



ThS P examp le demonstrates the superior flow rate and kinetic 
properties of a sponge adsorbent medium according to the present 
invention as compared to those properties of a particulate 
medium. A single protein, Human Serum Albumin (HSA) , is studied 
for simplicity. The maximum capacities (Qm) and dissociation 
constants (Kd) were determined for Pharmacia Fastflow DE 
_ . j , ™„+K„i ammnnin-m (cma\ st>onae as prepared 

in jsxampxe *. xne j.«=o«j-« 

=98g/l and Kd = 0.2mg/ml; for the sponge Qm = 19g/l and Kd - 
0.04mg/ml. 

In most large scale commercial processes the 
product of interest is often present at a concentration of 
approximately 1 mg/ml. In order to test the relative potential 
productivities a solution of HSA at 1.0 g/1 was loaded onto 
columns of similar capacity containing Pharmacia Sepharose and 
the sponge adsorbent medium respectively. The column containing 
the Pharmacia Sepharose was loaded and eluted at a flow rate of 
0.3 m/hr, with 1 g/1 of the HSA in 0.05 M Tris based buffer at 
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pH 7,5 and a 0.05 M sodium acetate buffer at pH 4.5 respectively. 
A potential productivity of 19 Kg/m 3 /nr at yields of 84% and an 
eluted concentration of 5.2 g/1 was achieved. 

A similar experiment was carried out using the 
adsorbent sponge except that the column was loaded using feed 
recirculation at a velocity of 9.2 m/hr. A potential 
productivity of 40 kg.m 3 /hr at a yield of 95% and an eluted 
concentration of 4.8 g was achieved. 
Example 11 

In order to illustrate the effect of the fibrous 
reinforcement, samples of sponge with and without fibrous 
reinforcement were made according to Example 1. The compressive 
modulus was then measured in a fully saturated condition after 
immersing the sponge in distilled water for 48 hours. The 
compressive modulus for the non reinforced material was 0.2 MPa 
whereas that for the reinforced material was 2 MPa. The non 
reinforced sponge was considered too compressible for its 
proposed use and deteriorated easily during attempts to further 
process it. 
Example 12 

This example shows how the properties (e.g. total 
void volume, fractional voidage and primary pore wall thickness) 
of a regenerated cellulose sponge are dependent on the components 
present in the solution of sponge forming material from which the 
cellulosic sponge is regenerated. 

Four viscose samples were produced according to 
Example 1, the composition of each viscose sample is shown in the 

linked according to methods 1 and 3 of Example 1 respectively. 
The quantity of hydrated sodium sulphate and cotton linters used 
in the regeneration of the viscose was varied for each viscose 
sample. 
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The following table 

compositions and properties of each viscose sample 

Sample 1 2 

************************************************************** 

Compone nts present 

in the solution 

front which the 

r. P .nulose sponge 

is regenerated 



1.5 


1.5 


3.0 


0.5 


0.5 


1.0 


76 


60 


76 


94 


91 


86 


69 


51 


65 


20 


47 


NT 



1.0 

60 

83 
50 
NT 



Cellulose^ 
Cotton Linters % 
Sodium Sulphate % 

Total Void Volume % 
Fractional Voidage % 
Wall Thickness 
(microns) 

The main effect of lowering the quantity of 
hydrated sodium sulphate present in the polymeric solution is to 
reduce the voidage of the resultant cellulose sponge medium. 

Increasing the quantities of cellulose and fibrous 
reinforcement in the polymeric solution decreases the total 
porous volume of the cellulose sponge adsorbent medium. Sample 
1 was considered suitable for the adsorption of macromolecules . 
Sample 4 however could be substituted to give the highest ion 
exchange capacity per unit volume and was most suitable for the 
adsorption of small mineral ions. 
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method of preparing a sponge adsorbent medium, which 
method comprises: 

preparing a flexible cross-linked sponge containing 
substantially uniformly distributed fibrous reinforcement 
under such conditions that swelling of said sponge is 
controlled to a water retention value of 2 to 6; and, 
simultaneously or subsequently, reacting the resulting 
cross-linked sponge with a reagent w hic h introduces 
functional groups into the modified cross-linked sponge. 

2 a method according to claim 1, wherein said adsorbent 
medium comprises an interconnecting porous structure having 
a primary pore wall thickness in the range of 2 to 300 
microns . 

3. A method according to either clai* 1 or 2, wherein said 
adsorbent medium has a total void volume in the range of 70 
to 98%, of which the fractional voidage is no more than 95% 
thereof . 

4 A method according to any of claims 1 to 3, wherein cross- 
linking of said sponge comprises contacting said sponge 
with a liquid having dissolved therein a chemical cross- 
linking agent for said sponge. 

5. A method according to claim 4, wherein said liquid 

— ,«, 1D nn C alkaline solution. 

6. A method according to claim 4 or 5, wherein said cross- 
linking agent is soluble in an aqueous medium. 

7 A method according to any of claims 4 to 6, wherein said 
cross-Unking agent comprises dichlorohydrin or 
epichlorohydr in . 

8 A method according to any of claims 1 to 7, wherein said 
reagent introduces ion-exchange groups into said cross- 
linked sponge. 
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A method according to any of claims 1 to 7, wherein said 
reagent introduces any of the following functional groups 
into said cross-linked sponge :- 

metal chelates, antibodies, antigens, dyes, lectins, or 
groups which can fix biologically active materials. 



A method according to any of claims 
spong e is of a polysaccharide. 



1 to 9, wherein said 



11. a method according to any of claims 4 to 10, wherein said 
fibrous reinforcement comprises hydrophilic fibres which 
are reactive with said cross-linking agent. 

12. A method according to any of claims 1 to 11, wherein said 
fibrous reinforcement comprises cotton linters. 

13 A method according to claim 12, wherein said cotton linters 
are present in an amount of about 5 to 50% by weight. 

14 Apparatus having an inlet for liquid, and an outlet for 
liquid so as to define a path for liquid flow between the 
inlet and the outlet, wherein a sponge adsorbent medium 
obtainable by a method as defined in any of claims 1 to 13 
is positioned across said liquid flow path. 

15. Apparatus according to claim 14, wherein said sponge 
adsorbent medium is under compression across the liquid 
„ ^ „ use. liquid will flow from the 

miet luj.wuvj«i ~"— 

16. Apparatus according to claim 14 or 15, wherein said 
compression of said adsorbent medium is such that a lateral 
dimension thereof is at least 1% less than the 
corresponding dimension of the adsorbent medium m 
unrestrained form. 

17 Apparatus according to any of claims 14 to 16, wherein said 
adsorbent medium is under substantially uniform compression 
throughout its volume. 
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j as 4--. ^-p nisimc ia +■« 17. uhcrein said 

19. Appjwreti-u» aui.ui.uj.ua ^ ""j ~- — -— — . 

apparatus is provided with means for compression of said 
adsorbent medium, whereby the latter can be successively 
compressed and decompressed. 

19. A method of isolating material from a liquid phase which 
comprises flowing liquid from the inlet to the outlet of 
apparatus according to any of claims 14 to 18 so as to 
cause said material to be adsorbed from the liquid, 
terminating the flow of liquid, and compressing the 
adsorbent medium so as to cause liquid to be expelled from 
said medium. 



20. A method according to claim 19, wherein said material 
comprises a polyelectrolyte material or a protein. 
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PRESSURE FLOW CHARACTEfc.jTICS 




0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

Column inlet pressure. BAR 

Figure 1 

■ Monolithic media 
♦ Granular crystaline cellulose media 
a Granular amorphous cellulose media 
Column dimensions 4mm • 43mm dia 



PRESSURE FLOW CHARACTERISTICS 




0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Column inlet pressure. BAR 



■ Monolithic media 

♦ Granular amorphous cellulose media 

★ Granular crystaline cellulose media 
Column dimensions 100mm • 26mm dia 

* Monolithic media 

Column dimensions 100mm • 147mm dia 



Figure 2 




Time (min) Figure 5 

Flow rate 9 meters per hour 
Productivity 87 kg protein/m3/hr 



Typical for commercial media 
Flow rate 0.3 meters per hour 
Productivity 6 kg protein/m3/hr 



Effect of Structural change on breakthrough 




Time (min) Figure 6 

Loading 1mg/ml protein to 50% breakthrough 
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